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Chapter 1 Introduction

1.1 Executive summary

This paper describes an architecture for the support of emergency calls
initiated in IP based voice networks. It identifies a mechanism by which the
existing emergency network interfaces can be used unchanged and defines the
signaling mechanisms which allow the routing of emergency calls to be
performed together with the delivery of caller location information without the
need for static information to be retained in the emergency network.

Borrowing from the principles adopted to deploy cellular E9-1-1 Phase 2
functionality, thisarchitecture similarly allows the necessary information to be
extracted from the network and delivered dynamically within the life of the
emergency call.

I ssues associated with location determination in | P networks, the transition to
future location technologies and differences between enterprise and carrier
network Vol P are also discussed. Through this discussion it can be seen that a
straightforward evolution of the access network exists that will support many
deployment types.

1.2 Purpose and motivation

The deployment of Vol P networks is occurring at a steadily increasing rate.
While this technology is currently (at time of writing) unregulated, the entry
of mainstream carriers into the market and steady growth in end-user
populations means that the support of emergency caling is becoming more
imperative. Whether in response to regulation or simply to be able to provide
an essential serviceto their subscribers, the operators of Vol P networks need a
practical deployable network architecture to support emergency services
calling. The purpose of this paper is to present, to the membership of the
National Emergency Number Association (NENA), a proposal for an
architecture that may be acceptable to all such that the whole industry can
work toward a common goal for implementation and in as short atime frame
as possible.

1.3 Terms and acronyms

ACD Automatic Call Distribution (Call Center call distribution)
ALl Automatic Location Identification (also ALI Database)
BTS Base Station
CAMA Centralized Automatic Message Accounting
CLID Calling Line Identity
CRDB Coordinate Routing Database
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ECR
ESP
ESPOSREQ
ESRD
ESRK
GMLC
GPS
HLR
IAM
ISUP
LEC
LGS
Li

LIS
Lv
MAC
MIB
MSC
MPC
PAM
PCF
PDE
PLR
PSAP
PSTN
RF
SMLC
SNMP
SR (S/R)
T™MG
URI
URL
ZDB

1.4 References

Emergency Call Report

Emergency Services Protocol
Emergency Service Position Request
Emergency Service Routing Digits
Emergency Services Routing Key
Gateway Mobile Location Center
Global Positioning System

Home L ocation Register

Initial Address Message

ISDN User Part

Loca Exchange Carrier

Location Gateway Server

Interface reference point: LGS - LIS
Location Identification Server
Interface reference point: Call Server - LGS
Media Access Control (MAC address, alayer 2 address)
Management Interface Base

Mobile Switching Center

Mobile Positioning Center

PSAPto ALl Message specification
Position Calculation Function
Position Determining Entity
Perform Location Request

Public Safety Answering Point
Public Switched Telephone Network
Radio Frequency

Serving Mobile Location Center
Simple Network Management Protocol
Selective Router - aka 911 tandem
Trunk Media Gateway

Universal Resource Identifier
Universal Resource Locator

Zone Database function

[1] TR-45J-STD-036 - "Enhanced Wireless 9-1-1 Phase 2",
Telecommunications Industry Association, 2000
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[2]
[3]
[4]

[5]
[6]

NENA-05-xxx - "NENA Standard for the Implementation of the
Wireless Emergency Service Protocol E2 Interface”

"Real Time ALI Exchange Interface Agreement - Issue 6.1", AT& T and
Pacific Bell, March 25, 1995

Military Standard WGS84 Metric MIL-STD-2401 (11 January 1994):
"Military Standard Department of Defence World Geodetic System
(WGS)".

NENA Vol P/Packet Committee presentations web site,
http://www.nena9-1-1.org/9- 1- ITechStandards/voip.htm

"VolI P Migration Working Group Committee Subject: Routing of Vol P
Emergency Callsto PSAPs" Submitted by: Patti McCalmont, Intrado,
February 3, 2004

[71 OMA-LIF-MLP-V3.2.0-20031017-D - "Mobile L ocation Protocol
Version 3.2.0 Draft", Open Mobile Alliance, 2003-10-17
[8] 3GPPTS44.031: "Location Services (LCS); Mobile Station (MS) -
Serving Mobile Location Centre (SMLC) Radio Resource L CS Protocol
(RRLP)".
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An Architecture for E9-1-1 in VolP Networks 5

Chapter 2 E9-1-1 and Location

2.1 Voice to Emergency Network Interfaces

Before examining how Vol P subscribers can best be provided with support for
E9-1-1 calling, it is useful to examine how existing voice networks interface
to the emergency services network. The primary existing voice networks that
do interface to emergency services are the PSTN as served by LECs and the
various mobile networks operated by the cellular carriers.

The emergency services network, from this perspective, can be regarded as
being made up of Selective Routers (SRs), Automatic Location Identification
(ALI) databases, both local and national, and the Public Safety Answering
Points (PSAPs) themselves with their various CAMA, and other, trunk
connections and various data connections for querying the ALIs. Of course,
beyond these network elements are the public safety organisations themselves
(Police, Fire, Ambulance) and the communications networks that support
them. However, for the purpose of this paper, these networks can be
considered as contained and non-impacting on the interfaces under discussion.

A simplified view of this emergency services network is shown in Figure 1.

|
| .
| Selective
| Router CAMA
|
: PSAP
| PAM
! Local

Cellular :

-

|
|
| National
|

Voice N\Ws -l Emergency Services N/W
|

Figure 1 Emergency Services Network and Voice Network Interfaces

The goal of this paper is to outline an approach that will allow an additional
Voice over |P network to be added to the voice network side with minimal to
no impact on the interface to the emergency services network.
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6 An Architecture for E9-1-1 in VolP Networks

2.2 Key Location Functions in E9-1-1

The location of the subscriber, who is dialing emergency services, is used for
two key purposes. Thefirst isrouting of the call, ultimately to the right PSAP,
and the second is in the delivery of the location, for display, to the PSAP
operator in order that emergency response units can be dispatched to the
correct location. Referring back to Figure 1, these two functions are performed
over the interfaces identified. Let's look at how these are performed for the
main types of voice networks.

2.2.1 Location used for emergency call routing

In wireline voice networks, there is an association between the phone number
of the subscriber (The Calling Line Identity - CLID) and that subscriber’s
location. This is generally, the home address of the subscriber as maintained
by their local exchange carrier. In this case, the CLID becomes a ready-
reference to location.

Local
Exchange PSAP
Local )
Trunks Selective CAMA
Router

Figure 2 Wireline routing to local PSAP is implicit in the local line
connection

Similarly, the incoming line to the local exchange switch and the switch itself
provides an explicit indication of the appropriate routing of 911 calls. This
permits the local exchange to work from a static configuration in terms of
sel ecting the outgoing trunk on which to place the call so it goesto the correct
selective router. The selective router, in turn, can use the same static
association and CLID information to ensurethat the call isrouted to the correct
serving PSAP for the subscriber’s address. This relatively simple situation is
shown in Figure 2.

Incelular systems, the association between the subscriber’slocation and their
CLID is lost. Being - by definition - mobile, a cellular subscriber can be
anywhere within the wirel ess network’s area of coverage. Similarly, thereisno
physical wired line corresponding to the source of the cal from which to
associate aroute to the correct destination. In cellular networks, however, there
is a physical serving cell from which the call is initiated. The geographic
granularity of these cell locationsis generally sufficiently fine for the mobile
switch to determine the correct trunk route to a corresponding selective router.

Version: 1.3 Released Mobile Location Center Printed:
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An Architecture for E9-1-1 in VolP Networks 7

In many cases, this also provides sufficient accuracy for the selective router to
determine which PSAP the caller should be connected with.

Itisaninternal procedure for the mobile switch to associate an outgoing trunk
route with a serving cell. However, some signaling is required for the MSC to
pass this same information along to the selective router so that it can determine
the correct PSAP. The TR45 standard, J-STD-036 [1], defines mechanismsfor
doing this. Therouting information is passed to the selectiverouter inthe ISUP
call setup signaling in one or other newly defined parameters caled the
Emergency Services Routing Digits (ESRD) or the Emergency Services
Routing Key (ESRK)!. The selective router examines the value of the
ESRD/ESRK parameter in the call setup signaling and routes the call to the
correct PSAP based on this value.

Note that there are circumstances where cell boundaries can span the
boundaries of PSAP catchment areas. In this case, and ESRD or ESRK
determined from a serving cell may not provide areliable indication of aroute
to the correct PSAP?. Both ANSI-41 (generally TDMA, and CDMA) and
3GPP (generally GSM, EDGE, and UMTYS) cellular networks have identified
functionality to addressthis. In ANSI-41 networksafunctional element known
as a Coordinate Routing Database (CRDB) is defined. The network can
consult the CRDB and, based on the geographic location of the caller
(determined by different positioning technologies such as forward link
trilateration, pilot strength measurements, time of arrival measurements, etc.),
it will return an appropriate value of the routing parameter. As long as the
geographic location is an improvement in accuracy over the cell location, this
mitigates the problem of misrouted calls. Similarly 3GPP networks allow the
switch to request a refined routing key value from the Gateway Mobile
Location Center (GMLC) based on the geographic location of the caller.

This mechanism is illustrated in Figure 3 which shows a GSM network
performing routing to a specific serving PSAP based on the determined
latitude and longitude of the caller which is subsequently used to generate an
ESRK that the selective router bases its PSAP selection on. Note the Zone

1. From arouting perspective the ESRD and ESRK provide the same information. The ESRK is assigned
as a unique value associated with the specific call while the ESRD may be the same for any two or
more calls being made from the same location but this difference is not pertinent to the question of
routing. The use of the ESRK as a unique key is relevant to the location delivery function, discussed
later.

2. Thefigure of 30% of calls misrouted because of cell/PSAP boundary spanning has been mentioned in
various fora but the author is not aware of any definitive or authoritative study on thistopic. The anec-
dotal consensus isthat the proportion is significant and undesirably large.
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8 An Architecture for E9-1-1 in VolP Networks

Database (ZDB) function in the GMLC which performs the spatial analysisto
determine which PSAP zone the callerslocation falls inside.

Lat/Lon

Location -
PSAPB \ Determination RS

~
S/R selected ~ ~
~

SMLC on serving cel ~

~

&

Selective Selective
Router |’ Router

PSAP selected
on ESRK

Figure 3 A GSM system showing the selection of a destination PSAP route based on the
geodetic location of the caller. ESRK generated by GMLC from lat/lon used as a routing indicator

2.2.2 Delivering location to the PSAP operator for display

The second, independent, area in which location comes into play in E9-1-1
calling is the display of the caller’s location to the PSAP operator. The need
for this is that the PSAP operator can facilitate more rapid dispatch of the
emergency service response unitsif the network can deliver the location rather
than relying on getting thisinformation from the caller - particularly where the
caller may be unable to provide this information.

In a wireline voice network, necessary subscriber (or, at least, calling line)
address information is stored in a database known as an Automatic Location
Identification, or ALI, database. On receipt of an emergency call and, armed
with the caller’'s CLID, the PSAP is able to query this database and receive, in
return, the street address (also known as a civic address) information
associated with the CLID. The physical interface over which the PSAP makes
this query is variable. It may be an IP based interface over dial-up or
broadband or it may be made over an X.25 packet interface. Similarly, the ALI
may physically be co-located within the LEC and selective router, or it may be
aremote national ALI handling the request directly or in tandem from the local
ALI. Similarly, the protocol may vary but one known as PAM [3] isin common
usage. These detail s are contained within the emergency network itself and not

Version: 1.3 Released Mobile Location Center Printed:
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Figure

Cocal | EXchange cama o~ PSAP
Line R

generally a concern of the larger voice network on the far side of the selective
router.

Local

Local Selecti CL|D¢fAddress
Trunks elective

Router

PAM

4 Wireline routing to local PSAP is implicit in the local line connection

In a cellular network, the same level of detachment with respect to this
function is not possible. To begin with, the location of the caller is variable
both initially and during the period of an emergency call. It is no longer
possibleto rely on a static database of |ocation information that can provide an
address against a CLID. It now becomes necessary for the PSAP to be able to
request adynamic location both for theinitial position of the caller but also for
any changes during the call. In addition, a civic address may no longer be
pertinent to the location of the caller. By nature, cellular networks cover wide
and varying types of territory. A conventional street address may no longer
apply to a caller’s location. Indeed, they may not even be in or by a street as
the term is commonly understood. For this reason, a more universal reference
system for location needs to be used. The solution generally adopted and, once
more defined in J-STD-036 [1], is to use geospatial co-ordinates - or latitude
and longitude - as defined in the WGS-84 coordinate system [4].

While J}STD-036 [1] does define a mechanism whereby this geospatial
location can be delivered in the ISUP call setup signaling, it can be generally
acknowledged that PSAPs do not support the necessary signaling interfaces
nor customer premises equipment to receive and display this information.
Also, there is no mechanism whereby an updated location can be delivered in
the ISUP signaling. For these reasons, J-STD-036 identifies a new interface
that the emergency network can use to query the cellular network. This
interface is assigned the identifier of E2 and both J-STD-036 [1] and NENA
[2] define a protocol which can be used over this interface called the
emergency services protocol (ESP).

On receipt of an emergency call arising from acellular network, the PSAP can
initiate, viathe serving ALI, arequest on the cellular network to provide the
geodetic location of the caller. Thisrequest is made over the E2 interfacein a
message called the ESPOSREQ (Emergency Service Position Request) with
the response message identified as the esposreq - see Figure 5. The location
of the caller is determined by positioning capabilities native to the cellular
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10 An Architecture for E9-1-1 in VolP Networks

network itself and different systems of network measurement, triangulation, or
special handset capabilities such as GPS are used.

GMLC

‘ Lg

ESPOSREQ(ESRK+CLID

esposreq(Position + phasel locn

BSC MSC
’@'
\ Determination
SMLC LocBid(pANI | ESRK)
Selective '-OCRGSW

Router PSAP

Figure 5 A GSM system showing the E2 interface being used to handle requests for dynamic
subscriber location information in response to PSAP requests

2.2.3 Note on the support of "Phase 1" location in cellular networks

As described above, the network mechanisms and procedures defined in J-
STD-036 [1] are around the provision of a geodetic (latitude and longitude)
type location for the caller. This obviously implies a capability on the part of
the PSAP to display location information of this type to the PSAP operator.

Thereisalso consideration supported in the E2 interface messaging that allows
the delivery of civic address type information. One application of this facility
is in the support of PSAPs which are not equipped with the capability to
receive and display geodetic type location information. Thisis part of what is
often referred to as a Phase 1 E9-1-1 capability for cellular networks.
Enhanced 911 calling was introduced in two phases into the cellular and

1. Compared to traditiona wireline systems, cellular systems have some other challenges. For example,
in terms of E9-1-1 all wireline callers are, almost by definition, local callers. As such, most PSAP sys-
tems are not equipped to deal with anything more than the 10 digits that may be necessary to identify a
national number. A full international coding of a number - and remembering that an emergency caller
can easily be roaming in from another country - of 11-15 digits cannot be delivered to a PSAP. In addi-
tion, an unregistered cellular phone without the need, even, to have a SIM card, can still be used to
make emergency calls. In this case, thereisno CLID for the phone.

To address this issue, the ESPOSREQ query can be made not just against the CLID of the caller but
other keys can be used. Chief amongst theseisthe ESRK mentioned earlier which isassigned aunique
value by the cellular network against a specific call in progress. The PSAP may not be delivered the
real CLID of the caller, it may delivered apseudo CLID (often called a pseudo-ANI or pANI). The
emergency network may tranglate this into the ESRK to be used in the query. Moves are underway to
ensure that the esposreq can be used to deliver the full international encoding of the caller’s number,
where applicable, so that this may in future also be presented to the PSAP operator.

Version: 1.3 Released Mobile Location Center Printed:
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An Architecture for E9-1-1 in VolP Networks 11

emergency services networks. Phase 2 defined the capabilities for delivering,
generally more accurate, geodetic location information from the network.
Phase 1 was generaly targeted at providing location information to the
accuracy of a serving base station |location but, perhaps more importantly, that
location information is delivered to the PSAP as amore conventional street, or
civic, address associated with that base station. This can be noted in Figure 5
where the esposreq may contain "phase 1 locn" information. Depending on the
nature of the PSAP, the ALl may provide the geodetic position and/or the
phasel civic address type information in response to the location bid.

This particular aspect is mentioned because the ability of the emergency
network to receive civic address type information in addition to geodetic
location over the E2 interface becomes important to the solution that may be
put in place for |P based voice networks. This is discussed further in Section
3.3.3.

2.3 Voice over IP Networks and E9-1-1

Just as cellular networks have specific characteristics that result in new
considerations for E9-1-1 compared to conventional wireline voice networks,
so too do voice over | P (Vol P) based voice networks. Vol P network users have
much in common with cellular network users in that there is no specific
physical point of connection which dictates their identity. Just as a cellular
phone can attach to the network anywhere that there is a point of coverage, so
to can an IP based phone client attach to an IP network at many and varied
points and take advantage of the voice service. From this perspective, it
becomes necessary to view VoI P clients as essentially nomadic or even fully
mobile to ensure that all usage scenarios are covered. For certain, many Vol P
clients may be relatively static in terms of location (for example, a
conventional form factor desktop phone with integrated Vol P client software
will tend to be as stationary as any conventional wireline desktop phone)
however, this situation is not explicitly predictable by the network, so an
architecture that addresses mobility ensures that all usage scenarios are
covered.

In terms of emergency call routing, the VolP network introduces some
additional challenges over wireline or cellular networks. In particular, the
access network associated with a Vol P network can be highly distended. That
is to say, in wireline the phone is tied to the specific local switch by the
incoming line, in cellular the mobile switch has specific knowledge of the
serving cell which has some degree of geographic association with that switch.
But, in VoIP, the client may be attached to the network in another city, state, or,
even, country than the one in which the serving call server is located - see
Figure 6. Thereis not an immediate association to location that the call server
can use to directly determine a route to a selective router let alone determine
the correct PSAP.

Similarly, in terms of location delivery and display, a VoIP client may be
appropriately identified by a street address, being on arelatively static access
point, or it may be more appropriately identified against ageodetic location, as
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12 An Architecture for E9-1-1 in VolP Networks

Call
Server

IP Network

Figure 6 A VoIP client can move from one IP network access point to another without
changing its signaling relationship with the voice service

in the case of a VoIP client connected by a wide area broadband wireless
network.

The goal of this paper is to address each of these characteristics of VolP by
identifying the necessary supporting functionality in the VolP network with
minimal to no impact on the existing emergency services network interfaces.
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An Architecture for E9-1-1 in VolP Networks 13

Chapter 3 An E9-1-1 Architecture for
VoIP

3.1 Revision
As described in the previous chapter:

» Theboundary between the different major voice networks and the emer-
gency networks can be identified at two key interfaces. These are the
ISUP signaling and trunk link between the voice switch and the selective
router and the E2 interface between the ALIs and the cellular networks.

» Thetwo key functions of location in an E9-1-1 context are around the
routing of the call to the correct serving PSAP, and the display of the loca-
tion information to the PSAP operator.

* Wireline and cellular voice networks have specific mechanismsin place
to address these key functions using the standard interfaces identified
above.

* Vol P has much in common with cellular and introduces some differences
of itsown. It isdesirable to define a Vol P network architecture that can
interoperate over the existing emergency network interfaces with little or
no modification to those interfaces.

This chapter defines an architecture to meet the goal stated in the final bullet
point above.

3.2 Emergency Call Routing

For the sake of simplicity, the following discussion is based on the assumption
that the Selective Router will use an ESRK provided in the ISUP call setup
(IAM - Initial Address Message) to select the correct outgoing CAMA trunk
for the corresponding serving PSAP?.

3.2.1 Trunk - Media Gateway (TMG) to Selective Router routing

Opening up the VoI P network cloud, we can see that an emergency call needs
to be delivered into the wireline voice network in order to enter the existing
emergency services network. In Vol P networks, this is done by transiting the
cal out of the IP network and into wireline network via a Trunk - Media
Gateway (TMG).

Since there are no dialed digits that can be used to effect routing of the
emergency call (911 does not identify a unique destination), it is necessary for

1. Asdiscussed in the sections on cellular emergency call routing, the actual key may be an ESRK or
ESRD. Either may be used but this section defers the question of which to usein the interest of sim-
plicity - it doesn’t impact the manner in which routing is done.
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14 An Architecture for E9-1-1 in VolP Networks

the TMG selected to transit through has direct | SUP trunking capability to the
selective router(s) that it supports routing to. To reuse the cellular mechanism
for call routing, the TMG needs to pass on a unigue ESRK to the selective
router. That is, the TMG ISUP signaling needs to support the inclusion of this
parameter in the IAM message. Note - where the TMG gets this ESRK value
from is discussed in the next section.

Further, if the TMG has outgoing trunks to more than one selective router, it
needs to be instructed as to which trunk to select based on the ESRK. That is,
in the absence of routing based on dialed digits, the TMG needs to be told
which outgoing voice trunk and | SUP signaling destination to select based on
the value of the ESRK for that call. This implies a routing table that the
network will use to ensure that the TMG is appropriately directed.

This TMG functionality is highlighted in Figure 7.
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Figure 7 Given an ESRK, the Trunk - Media Gateway (TMG) selects the appropriate
Selective Router trunks based on the ESRK value. The TMG populates the ISUP IAM with
the ESRK parameter which the S/R then uses to select the applicable PSAP

3.2.2 Call Server to TMG routing

Looking further back into the VolP network cloud, we see that the Vol P call
itself is under the control of a call server. This network entity provides the
equivaent functionality of a wireline switch or a cellular mobile switching
center. The call server isresponsible for setting up the initial state associated
with an emergency call and routing it to the correct destination.

As has been noted at each step, the dialed digits do not provide a definitive
route to the destination and, as noted in the previous section, the TMG
outgoing trunk needs to be selected based on the ESRK so the appropriate
selectiverouter istrunked to. Since the call isdelivered to the TMG by the call
server, it isthe responsibility of the call server to provide this ESRK in the IP
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based call setup and corresponding trunk selection through the TMG. Where
the call server getsthis ESRK value from is discussed later.

Sincethecall server hasthe responsibility to select aTM G based onthe ESRK,
the existence of arouting table within the call server isimplied. Thistablewill
allow the call server to associate a TMG and trunk with a given ESRK value.

This aspect of call server functionality can also be seen in Figure 8.
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Figure 8 Given an ESRK, the Call Server selects the TMG located at the appropriate Point
of Presence (PoP) to be able to perform trunking to the applicable S/R

3.2.3 Location Based Emergency Call Routing

This section will deal with the question of how the call server will determine
the ESRK associated with final destination PSAP. This will be addressed by
the introduction of a new network entity which interfaces to the call server
called the Location Gateway Server (LGS). As areference point, the interface
between the call server and LGSislabeled Lv. Thisnetwork entity will support
two key functions:

* Onrequest from acall server, and given the identity of an emergency
caller/client, it will obtain the location of that client from the |P access
network. For routing purposes, this location may be provided as a geo-
detic (latitude/longitude) location.

* Based on the location determined, and using a native spatial database
capability which can identify an emergency services zone corresponding
to adestination PSAP, it will generate a unique and applicable ESRK
value that will indicate aroute to the correct serving PSAP.

This function is illustrated in Figure 9. As shown, a single message and
response is defined between the call server and the LGS which is used by the
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call server to request the ESRK. These are the EmergencyCallRequest (ECR)
and the ECResponse messages. The key parameters of the request and
response are the client 1D in the former! and the ESRK in the latter.

A second message, ECTerminate, is also required to indicate the termination
of the emergency call. As will be discussed later the LGS will maintain
transient state information associated with emergency calls in progress. It
needs to allocate an ESRK out of a pool of available numbers and it needs to
be able to return the ESRK to this pool at the conclusion of the call. Thus, itis
important for the call server to provide a message to the LGS indicating that
the call is terminated. The ESRK associated with the call and provided in the
call termination indication message will provide the necessary state
association for the LGS. This function of the LGS isillustrated in Figure 9.
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Figure 9 To determine an ESRK to route the call with, the Call Server sends an
EmergencyCallRequest (ECR) to the Location Gateway Server (LGS). The LGS
determines the client’s location and generates a unique ESRK based on that location and
returns it in an ECR response. When the emergency call completes, the Call Server
informs the LGS with an ECTerminate message indicating which call by providing the
ESRK. The LGS then flushes any state associated with that ESRK.

1. Asdiscussed in alater chapter, an |P based voice network may use several mechanismsto identify a
client. For many |P access networks, the MAC address of the client may be the only definitive identi-
fier. In future, however, arange of identifiers may be possible, including |P addresses, URLS, RFC
2486 NAI, etc. The Call Server - LGS messaging should be defined to support a range of client ID
types. In apractical deployment, it will be a case of ensuring that the access network, LGS, and call
server use the same mechanism.
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3.3 Emergency caller location delivery

The question of how an LGS can determine the location of a client deviceis
deferred to a later chapter. Before looking into that question, the other aspect
of location - the delivery of it to the PSAP operator - will be examined.

3.3.1 Reusing the E2 interface

As has been noted, the location of a Vol P client can be a transitory piece of
information. As such, it is not adequate - as a general solution - to rely on a
static data entry accessible by the emergency network and keyed against the
CLID. Aswith cellular networks, the information associated with a subscriber
should be determined, and is only valid, within the time that the call is active.
Outside the period of duration of the emergency call, the emergency network
stores no information and has no knowledge related to the identity or location
of the subscriber.

In order to support Phase 2 E9-1-1 requirements, JSTD-036 defined the E2
interface between the ALI entitiesin the emergency services network and the
location gateway entities (GMLCs and MPCs) in the connecting cellular
networks. The emergency services protocol (ESP) supported over this
interface was defined by both J}STD-036 [1] and inthe NENA publication[2].

The recommendation of this paper is that this same E2 interface and ESP
protocol specification be reused on the L GSto support the delivery of location
information associated with Vol P emergency calls.

Asshown in Figure 10, the ESRK becomes the definitive reference to the call
in progress aswell as being the routing indicator used in call setup. ESP allows
the emergency network to make a request for a caller location which can then
be delivered for display to the PSAP operator. The LGS already has the
location information for the client since this was used to determine the call
routing information. By caching the location in conjunction with the ESRK,
call-in-progress state, the LGS is able to provide this location information in
the esposreq sent in response to a request made over the E2 interface by the
emergency network.

3.3.2 Mid-call location updates

Since cellular subscribers can, by definition, be mobile, the ESP semantics
also support the ability for the emergency network to request an updated
location for the caller. Using the same call identifier (e.g. the ESRK) as was
used to request the location initially, the same ESPOSREQ message can be
used to request an updated location. That is, there is a parameter in this
message to indicate which type of location - initial or updated - that the
emergency network would like. If an updated location is required, the cellular
network knows that it should utilize its resources to see if a more up to date
location isavailable.

This same mechanism will be available for the Vol P network. Whilein initia
deployments, the | P access networks may only return relatively static locations
(e.g. from switch port wire mappings), future deployments will be able to
exploit advanced positioning technologies that can track a mobile IP device,
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Figure 10 Since the ESRK has been delivered to the emergency network as part of the call
routing process, it can now be used to query the LGS over the E2 interface. The LGS supports
the existing E2 interface specification so the query is handled in the same way as a cellular
location bid by the emergency network. Bids can be for initial location or for an updated
location. The latter will prompt the LGS to query the network for an updated client location.

just as they can a mobile cellular device today. Since the semantics for
requesting an updated location are already supported on the E2 interface, there
will be no changes necessary to the emergency network in order for it to
exploit this future tracking capability.

3.3.3 Civic Address and Geodetic Location Support

The introduction of Phase 2 E9-1-1 support for cellular emergency callers
introduced the concept, and the precedent, that the location of the caller may
actually be provided to the PSAP as a geodetic location. This has necessitated
changes to PSAPs such that, to be Phase 2 capable, they need not only the
ability to display alocation in lat/lon format to an operator but also that these
PSAPs have the necessary procedures and policies in place to relay location
information in this form to emergency response teams. This includes being
able deal with indicated accuracies that can vary below 50 meters at the 67th
percentile and approach arbitrary levels of inaccuracy for the other 1/3 of calls.

This precedent can be taken advantage of for VoIP clients where, in the
absence of a civic address which can be displayed to the PSAP operator, a
geodetic location - just as is used for phase 2 cellular location - can be
provided.

However, this does not mean that emergency calls from IP based voice
networks need always be restricted to geodetic based location reporting. As
was discussed in Section 2.2.3, the ESP signaling parameters as defined by
NENA [2] includes a parameter called "location description”. The NENA
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specification defines a number of different XML tag based fields that can be
used to constitute this parameter. This opens the possibility that the LGS, in
responding to an ESPOSREQ request over the E2 interface, can utilize this
parameter to also provide acivic address for the caller.

Asdescribed in Section 2.2.3, in cellular systemsthis parameter hasanominal
use around supporting phase 1 capable PSAPs where the location description
provided will generally correspond to a street addressidentifier for the serving
base station in the cellular network. However, this use does not preclude an
alternative application in |P based voice networks.

Where VoIP clients have a relatively static location - for example, where the
client is a conventional telephone form factor device with a relatively fixed
desktop location - then the access network, which provides location to the
LGS, may opt to provide a civic address encoding in addition to the geodetic
location. A discussion on general location determination and the associated
signaling is covered in the next chapter.

A valid question is how the emergency services network can know that it is
recelving a civic address for the caler rather than a nominal base station
address. This can be discriminated in a number of ways. The key is that the
emergency network can be aware that it is interfacing to an IP based voice
network rather than a cellular network. Three potential ways to perform this
discrimination are:

* Theemergency network will generally select the E2 interface that it needs
to send arequest to on the basis of the ESRK associated with the call.
ESRK s tend to be allocated to network operators in pools. This same
association can allow the emergency network to infer the nature of the
connecting network.

* The esposreq response contains a parameter which is the Company ID.
This could be used by the emergency network to distinguish IP vs. cellu-
lar carriers.

* The position data parameter in the esposreq which contains the geodetic
location also contains a sub-parameter called "position source” which
indicates the technology used to establish the location. New code points
will need to be alocated for | P network positioning technologies. This
could be used by the emergency network to establish that the location is
being provided by an IP voice network.

The mechanisms discussed above identify how the existing cellular E9-1-1
phase 2 infrastructure and interfaces in the emergency network can be
effectively reused with little or no modification to support thedelivery of caller
location from | P based voice networks.

In order to minimize the need to transform and translate the information
related to location, it is recommended that the specifications used for this on
the E2 interface are reused within the signaling of the IP network. That is the
geodetic location coding defined in [2] aswell asthe XML tag encodings also
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20 An Architecture for E9-1-1 in VolP Networks

definedin[2] by NENA are also recommended for use between the | P network
elements as they are delivered through to the LGS.
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Chapter 4 End to End - Adding Location

Determination

There are numerous approaches to location determination within | P networks.
This paper does not attempt to be prescriptive in addressing this issue. A
number of things will affect the type of solution put in place. Amongst these
are:

» The nature of the connection used by the client. That is, whether itisa
domestic broadband connection, an enterprise | P switch connected client,
awireless client connecting viaa campus wireless LAN, etc.

» Legacy circumstances. That is, the extent to which the clients, access
devices, and switches have native support for location delivery versusthe
need to overlay a solution for location determination on existing infra-
structure.

» Thetype of location information and accuracy required for a given target
environment. For example, are static civic addresses with sufficient geo-
detic accuracy for routing sufficient or is a more accurate geodetic loca-
tion required in the absence of a civic address?

The NENA website itself has a number of submissions and proposals around
different positioning technologies for IP [5] and any one of these may be
adopted in a given access network.

4.1 The Location Identification Server - LIS

This paper proposes that an intermediate network entity be defined which
provides a uniform query interface to the LGS network element such that it
need not be concerned with the nature of the positioning technology used. This
arrangement is shown in Figure 11.

The newly identified network element is the Location Identification Server
(L1S). Thisnetwork element sits between the LGS and the access network and
invokes the applicable positioning technologies. It supports a simple
request/response message that allowsthe L GSto obtain thelocation of aclient.

4.2 Client Identifier Options

In order to do this, the LGS needs to provide a client identifier which is
meaningful to the LIS and significant within the access network that the client
is attached through. Types of potential client identifier vary but some
candidates are:

» Ethernet MAC address
 MSISDN - international encoding of corresponding dialable digits
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Figure 11 The Location Identification Server (LIS) provides location capabilities specific to
the IP network access point that the client is currently occupying. It invokes access specific
positioning methods in response to a PerformLocationRequest (PLR) sent from the LGS for a
particular clientID.

* RFC 2486 Network Address Indicator - user@realm style address
e SIPURI

» Some other network element, e.g. LIS, generated handle to the client that
isindependent of other addressing schemes.

The above list is by no means definitive but the definition of the query
messaging between the LIS and the LGS needs to be defined such that these
and other forms of client identification can be supported over thisinterface. An
important driver of the form of client identification supported is which
identifier can be provided by the call server function in its request to the LGS.
Any practical network deployment will need to ensure that the same client
identifier form can be used meaningfully by the call server, LGS, and LIS.

By way of example, in initial implementations of this architecture where the
access network and client devices are largely legacy, and without native
location determination capabilities, the likely candidate for many deployments
may be the MAC address.

An example of an end to end solution using a LIS that employs SNMP bridge
MIB polling and MAC address association is shown in Appendix A.

4.3 Geodetic vs. Civic Address Location - revisited

Asdiscussed in Section 3.3.3, location may be provided as a geodetic location
for the purposes of call routing plus, optionally, a civic address that can be
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displayed to the PSAP operator. The parameter in the response message from
the LISto the LGS that specifies the returned location should support a coding
that supports both of the location formats concurrently. The geodetic location
must always be provided in order to support emergency call routing. Also as
discussed in Section 3.3.3, it is recommended that the specifications used for
coding location are the same as those on the E2 interface. That is, if the
geodetic location coding and the XML tag encodings defined in [2] by NENA
are used to encode the location provided to the LGS by the LIS, this will
eliminate the need to trandate and transform the information as it is passed
from the LGS to the emergency services network.
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Chapter 5 The future - filling the gaps

In the short term, the solutions provided to support emergency services for 1P
based voice networks may be sub-optimal. Thisis to say that, in the absence
of native support for location determination and delivery in the IP access
network, a number of work-arounds and operating constraints may need to be
adopted. See Appendix A for an example implementation on a legacy access
network. However, this qualification is very much restricted to the details of
the access network and the manner in which location is determined.

The architecture that has been outlined in this paper - from the L1S through the
LGS, call server, and TMG network entities interfacing to the emergency
services network |SUP and E2 interfaces - should meet the needs of emergency
caling from VolP networks well into the future. Further, as more
standardization occurs at the IP access and native positioning support is
deployed, this transition to more reliable and accurate location determination
will be able to occur seamlessly without impacting the Vol P to emergency
network interface. The changes will be perceived as an improvement in
coverage and quality of service for Vol P emergency callers as well as ease of
deployment for VolP operators but without impacting the operation of the
emergency network generally.

In addition to the above, as the emergency network infrastructure evolves
away from the current legacy of CAMA trunksand PAM interfaces, individual
PSAPswill be ableto interface directly to the IP network. The same functions
of call routing and location delivery will still be needed and the mechanisms
described can still be utilized. Instead of routing out to ISUP trunks, the call
server can direct the call to a direct VolP based ACD function. The ESP
messaging defined in[2] isalready |P based and the option becomes available
for updated PSAPs to query the LGS directly instead of their requests being
proxied through an ALI.

5.1 Using DHCP to improve client integration

One of the compromisesthat will need to be madein the short term with legacy
IP clients and access networks is that neither has any knowledge of location
determination and its associated signaling. As such they cannot actively
contributeto the optimal performance of location determination (see A ppendix
A for an example of such alegacy network).

Referring to the architecture defined in the previous chapters, alack of native
location capability in the access and client does result in some of the following
constraints:

* Thereisno explicit way for aLIS be aware of which IP clients are Vol P
and which are subject to being located. Since IP clients may move freely
from one point of access to another in an IP network, it can place a
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requirement on a LIS to constantly poll all potential access pointsto
determine the location of a given client.

»  Without an ability for aclient to auto-discover the LIS which should be
serving itslocation, thereisno ability for that L1Sto inform the call server
and subsequently the LGS as to which LIS should be interrogated for
location. This can place arequirement on the LGS to attempt to determine
the correct LIS based, for example, on client | P addresses or to query mul-
tiple L1S concurrently - which is an inefficiency.

* Without a native positioning capability in clients, the ability of the net-
work to support sophisticated positioning technologies such as GPS or
network measurement techniquesis severely limited.

Since the identity, location, and capabilities of the LIS will vary from access
network to access network, it isrecommended that in the future DHCP be used
to advise IP clients of the identity of the serving LIS. This will permit two
major optimizations:

» Theclient will be able to explicitly register with the LIS so that it is
known to that entity for purposes of location. Thiswill also establish a
signaling relationship that can be used for advanced positioning mecha-
nismsif supported. It also offers the opportunity for the LISto assign a
client-specific identifier which the client can provide to network services
such that no other client key is required for the purposes of location
requests through the LGS/LIS network.

» Thecall setup signaling to the call server can be modified to support the
ability of the client to forward the serving LIS identity to the call server.
Thisin turn can be communicated as part of the location request to the
LGS, permitting the LGS to have explicit knowledge of the appropriate
LISto query.

These optimizations are illustrated in Figure 12.

5.1.1 A note on supporting international emergency calling

It isan interesting characteristic of Vol P networks that the distance between a
client user and the call server handling the call processing may be arbitrarily
large. A VOIP client can typically use the same call server regardless of the
point of attachment to the network. So, the client may be in a different city, a
different state, or even a different country.

It has been an implicit assumption in the discussion to date, that the call server
hasin built knowledge of the LGS that it should inform of the incidence of an
emergency call and request routing information from. Whilethismay hold true
of a nationwide carrier with points of presence across many states, it may
prove difficult for some Vol P network operators to provide the same ubiquity
of presence. When the question of supporting international calling is raised,
then it becomes even less likely that this assumption will apply.

This constraint will likely continue for the short term. However, the use of
DHCP may, in the future, also provide a mechanism for dealing with this. In
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Figure 12 Shows a client registering with a DHCP server delivering LIS and eLGS
information plus these parameters being tandemed to the call server and eLGS

1. DHCP server provides LIS and eLGS identities on initialisation

la. (Optional) Client registers with LIS to establish signaling relationship for future positioning
2. Client provides eLGS and LIS identities to call server on emergency call initiation

3. Call server provides LIS identity to eLGS in emergency call request

thisinstance, theregistration of aclient on alocal network can involve not only
anindication of the serving L1Sidentity but also an indication of the applicable
emergency LGS (eLGS).

With this facility, the client can provide the eL GS identity to the call server.
Thisintroducesthe possibility of anetwork of regional LGS platformsto serve
the VoI P network. The ESRK allocation pools can be efficiently distributed
between these LGS and they can retain the responsibility of maintaining the
gpatial boundary information for the emergency service (PSAP) zonesin their
regions.

The signaling associated with this scenario is also shown in Figure 12. Note
that the call server was able to refer to an eLGS in the visited network rather
than the one in the subscriber’s home network. This allowed the appropriate
ESRK for the PSAP in the visited network operator’sregion to be allocated by
that operator. Further, the PSAP in that region only needs to have an E2
interface association with that network’s LGS and not the home network LGS.
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Chapter 6 Enterprise versus Carrier

VoIP network deployment

It has been a fundamental assumption in the architecture described in this
paper, that the Vol P network operator has sufficient points of presence in each
of the regions of interest to be able to route the emergency calls onto the local
network and into the emergency services network. Thismay betrue of apublic
carrier network which operates its own TMG platforms that tandem directly
into the public wireline network but it is not true of an enterprise operating a
VoI P network over itsintranet.

In the case of an enterprise Vol P operator, this may not be an issue where the
PABX or other PSTN gateway utilized by that enterpriseis collocated with its
user population. However, if the user population is widely geographically
distributed viaawide areaintranet and/or VPN links and they share acommon
PSTN gateway, then there is no native mechanism to support routing to the
correct PSAP.

» For acollocated user population, the class 5 switch in the local operator
network which provides the enterprise service, looks after the subsequent
routing of the 911 call to the correct selective router and PSAP.

» Thisloca exchange interface does not support the use of an ESRK in the
call setup signaling to indicate a preferred route and alocal exchange will
not tend to support the necessary trunking to remote selective routers for
out-of-region callers.

» For small and medium enterprises, it would not necessarily be economical
to operate an LGS nor would it be optimal to distribute ESRK pools
around arbitrary numbers of enterprises.

Despite these constraints, it is still desirable to utilize the architecture that has
been described as the challenge of routing calls from geographicaly
distributed callers needs to be addressed. While there are alternative proposals
[6] these tend to rely on direct dialing local access numbers for PSAPs. While
this is effective in the short term, it is by definition bypassing the existing
mechanisms and processes for emergency call distribution.

At least two possible approaches to supporting the enterprise environment in
the long term exist.

» Through the standards process, the local operator switch interface could
be modified such that the ESRK can be delivered in the call setup.

This approach has a number of limitations including the fact that the time lag
in defining this signaling and having switch vendors implement and deploy it
can be very large. More significantly, it doesn’t address the concern that the
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local operator and switch is unlikely to maintain direct trunks to all required
destination selective routers.

» Enterprises can seek emergency service support from public network car-
riers that support Vol P deployments. This means utilizing the LGS and
TMG resources of the public carrier but only for the purposes of emer-
gency call routing.

In this situation, the enterprise would still provide the LIS functionality within
their intranet IP access. Using the equivalent of the DHCP mechanism
described in Section 5.1.1, the enterprise client can be advised of the carrier
LGS applicable to emergency calls in that location and relay this to the call
server at cal setup. At the same time the identity of the serving LIS can aso
be relayed viathe call server to the LGS.

This arrangement isillustrated in Figure 13. The ability to support a solution
in this configuration depends on the acceptance of the conventions around
emergency services provision by public Vol P carriers. In turn, the solution will
not become ubiquitous until VoIP carriers with points of presence in all
potential calling areas exist.

| Enterprise | Carrier I Emergency
 Network * Network * Network

| Call | |
. Server . .
I I I

| | 1sup

- @ ECReq T™MG - Selective
| (LIS-ID) | | Router

[ 2 i '

| Emergency Call | | CAMAI

' Init ' '

| (eLGS-ID, LIS-ID) |

| | |

| LIS | |

| LIS-ID d | |

eLGS-ID ' .
registration | |

7

Figure 13 Shows the enterprise client and call server using the carrier LGS and TMG to route
emergency calls into the emergency network. The location queries from the emergency and
carrier network utilize the enterprise-bound LIS to determine the location.
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Chapter 7 Next Steps

Defining an architecture which identifies the network elements and associated
interfaces and the signaling relationships between them is the equivalent of a
Stage 2 specification in standards language. This ill leaves the, not
inconsiderable, Stage 3 definitions to be done in which the details of the
signaling protocols themselves are specified including all of the messages,
parameters, and error scenarios.

Also, given an architecture that leaves the emergency network interfaces
largely untouched, there is till the need to define a practical solution around
legacy |P access hardware and client software.

These two areas point out the work which needs to be done in the short term.

7.1 Short term initiatives required

7.1.1 Protocol definitions

Inthe area of protocols, there are two significant interfaces which need to have
the protocol definitions specified.

* ThelLv interface protocol to be utilized between the Call Server and LGS
need to be defined. The key messages are the Emergency Call Request,
Response, and Terminate. Certain critical parameters have been identified
for these messages in the body of this paper. The details of the transport
and session protocols (e.g. SIP on TCP/IP) are yet to proposed.

» Theli interface protocol to be used between the LGS and LIS network
entitiesis similarly yet to be defined. A possible contender on which to
base this definition on is the Mobile Location Protocol defined by the
Open Mobile Alliance [7]. This protocol is specifically designed for per-
forming location queries, hasan XML specification and utilizes[S|[HTTP.
The latter would be a particularly effective transport where the Li inter-
face needs to span, for example, a carrier and an enterprise network.

It is quite urgent that the specific protocol families to be used on these
interfaces be identified as quickly as possible so that ad hoc working groups
can be established in the appropriate standards foraor, at least, aliaison be sent
to those fora proposing that the first draft be developed within some other
forum for subsequent submission.

Thethird areaof protocol work that needs to be addressed in the short term are
the changes and conventions around the use of ESP over the E2 interface.
Changes to this protocol are extremely minor:

» Definition of one or more new code points for the Location Source
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parameter that will identify positioning technology as used in | P access
networks rather than just cellular networks.

* Introduction of a convention based on a particular criterion (see Section
3.3.3) by which the PSAP can determine the nature of the civic address.
That is, a convention by which the PSAP can discriminate a subscriber
address vs. a Phase 1 E9-1-1 nominal BTS address.

These particular aspects of the ESP definition can be addressed through the
existing working groups within NENA.

7.1.2 Location technology for legacy access development

In the short term the architecture defined in this paper will be applied to
existing Vol P networks which consist, at the access, of legacy Vol P clientsand
access switching components that do not have any native location capability.
This creates a challenge for the LIS in that some proprietary mechanisms will
need to be developed in order to extract location information from these legacy
networks. However, since the Li interface protocol will effectively abstract
this aspect away from the rest of the network, these proprietary solutions will
be able to be independently pursued on a case by case basis. That is, different
vendors, network operators, and third parties will be able to develop these
solutions competitively and in relative isolation without any implication of an
end to end proprietary implementation being needed.

7.2 Longer term initiatives

A significant driver for new protocol definitions in the near future will be
around the definition of standards to support native positioning in the access
network. Thiswill add very powerful mechanisms for dynamic discovery and
high accuracy location determination. It will be very important to define
protocolsin the appropriate fora so that different client software and hardware
vendors and access equipment vendors will be able to deliver solutions that
can effectively interoperate. Areas of standards development are:

» Definitions of the access discovery mechanisms such as DHCP described
in this document or other.

» Clientto LIS protocols for advance positioning technology support. An
analogous example is the RRLP protocol in the 3GPP standards suite [8]
which defines a set of messages that can be used to exchange information
between a mobile device and the network for the purposes of location
determination - e.g. exchanging GPS assistance data and measurements
for determining GPS based |ocation determination.

* Enhanced client to call server communications for the purpose of deliver-
ing the serving LIS-ID, eLGS-1D, and even location information. This
will need to be added to the various client Vol P protocols in turn since
there are already a number contending for general use.

Ultimately, also, the LGS and LIS platforms should serve as ageneric location
delivery platform for location based services working to IP based clients -
whether the clients are for voice services or other data applications. This will
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require additional interface semantics to the LGS on an additional services
interface distinct from E2. An obvious candidate for aprotocol to support this,
isthe previously mentioned MLP[7].

Apart from protocol definitions, there will be a fertile field for further
development and commercialisation of positioning technologies for IP based
access networks and clients. GPS has aready been mentioned but other
technologies such as network triangulation and RF mapping within wireless
LANSs are also possibilities.
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Appendix A An example network
deployment

Figure A.1 shows a simplified example of a VolP deployment where the
network operator is a carrier and the subscriber population are within
enterprise managed networks. That is, this showsvirtual private voice network

VoIP Carrier Network Emergency Network

|
|
™G |l SR

2.4. Routing 2 | Area 2
request |
" | ca |
L Server 5. Emergency
V—r call routing |
|
1. Emergency
LGS call initiation T
T™MG | SIR
1 | Areal
: Li |
3. Location |
request
L Enterprise Enterprise
Network 1 Network 2
LIS LIS

|
A‘ i N id
Z ! ) g\llclj\/glll(De ;l\)ﬂcjllﬁng Z! ) ER”\%S r,\)/loll?ing

Managed switch

Figure A.1 An example carrier VoIP deployment serving enterprise customers with network
based VolIP service from legacy clients connected via conventional managed switches. In
this case the LIS implementation works via SNMP bridge MIB polling and associating
connected client IDs with the specific managed switch and port - which can subsequently
be mapped to a stored location for that port.

deployment, where the centrex call services are operated on an IP network
with call serving functionality out sourced from the enterprise to the carrier.

In this example, it is suggested that each of the enterprises operates the voice
network under the constraint that all voice clients need to be connected via
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specific | P switches supporting a standard SNMP bridge M 1B that permits port
scanning to occur and al so permitsthe MAC address of connected clientsto be
retrieved.

Further, the client implementation and protocol are conventional but include
the delivery of the client MAC address as part of the native call signaling with
the call server.

These constraints permit the operation of the network such that the MAC
address can be used as a query key between the call server and LGS (Lv)
interface and the LGS and LIS (Li) interface. The LIS implementation in this
case involvesthe continuous SNMP polling of managed switches according to
provisioned data which includes the list of managed switches, their ports, and
the nominal location of the end-cabling attached to those ports - as both a
geodetic location and, optionally, a civic address. On each poll cycle, the LIS
stores any connected MAC address values against the port records within this
wire map.

A query to the LIS from the LGS, then, ssimply results in the stored location
information in this wire map being keyed from the provided client MAC
address in the query. This location information is returned for subsequent
processing by the LGS as described in the body of this paper.

Thisexampleillustrates how the complexities of location determination in the
access network are abstracted away from the rest of the emergency call
handling. Other examples of LIS implementations would be those that could
map aDSLAM port to a physical home address |ocation for ADSL broadband
internet based subscribers. Again, the details of how this particular LIS
performed this function would be hidden from the rest of the Vol P network.

Certainly the solution described for the LISin this scenario may be considered
somewhat inelegant but, on the other hand, during the period of further
development of native location capabilities, it is likely the sort of
implementation that will be required to support legacy systems. The more
important point is that there is now a seamless migration path to native
positioning systems that will not impact the network beyond the access
interfaceto the LIS.

The example in this appendix is intended to illustrate the manner of
implementation of the LIS function in the context of atheoretical deployment.
It is not intended to represent any specific real existing deployment.
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Appendix B Extracts of NENA
specification

Thefollowing tables are annotated extracts from [2], NENA-05-xxx - "NENA
Standard for the Implementation of the Wireless Emergency Service Protocol
E2 Interface". They are provided to highlight some of the parameters and
structures that have been referenced in the main text of this paper. For full
context of each of the pieces of information shown, the referenced document
should be consulted.

Element /Parameter Reference | Type

Package Type = Query With a.1.1 M
Permission
Transaction 1D 012 M
Component Sequence 021 M
Component Type = Invoke( Last) 0212 M
Component 1D 0923 M
Operanon Code = Private TCAP 924 M

ESRK - used tO.rOUte Parameter Set 027 M

the call and which

subsequently EsMEldentitication 931 M

identifies the call. PostionRequestType 0.3.2 M

\.I-Z|]Lu1'g:|]¢}'?ét'|'xJu_'u:xE{nulini_‘Hu:} 9.3.3 0
(espriey)
CallbackMumber {espriey) 934 0
EmergencyServiceRouting Digits 036 8]
iespriey)
Figure B.1 The Emergency Services Position Request (ESPOSREQ) message
parameters.
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Element /Parameter Reference | Tvpe
Poslnfo - The Package Type = Response 9.1.1 M
Geodetic encodi ng of Transaction 1D 912 M
the caller’ s location. - - -
Also includes a Component Sequence 021 M
Position Source Component Type = Retum 022 M
parameter whichisa Result(Last)
code pQI_rlt |_nd|cat|ng Component [ 023 M
the positioning — = 7
teChnO|Ogy uwj drameter Het L I
PosibonResalt Q38 M
\.I’n.-ztmu[nILH'm:lLiun 239 8
Company ID - A CallbackNumber 935 ]
unique identifier for EmergencyServiceRouting Digits 937 0
the voice network CreneralizedTime 8311 (8]
Mobileldentification™umber 9312 0
International MobileSubsenberldennt | 9313 0
b,
MobileCallStatus 9314 0
L ocation Description - . .
. . CompanylD 9315 (8]
including an XML e
encoding of the civic \+I ocation Description 0316 8]
address
Figure B.2 The Emergency Services Position Request response (esposreq)
message parameters.
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2. Ellipsod poant with uncertainty

H G I I D ( B A
1 0 0 0 0 0 0 1
5 Lat s1gn MSB
6 Degrees of Latitude
| L5B
8 M5B

Degrees of Longitude
LSB

11 Spare Uneertamty code
12 Spare Contidence

These values are turther defined m ANSI T1.628-2000

Figure B.3 One of the geodetic location encodings supported in the Position Info
parameter.

Printed:
25/3/04

Mobile Location Center

An Architecture for E9-1-1 in VolP Networks

Engineering White Paper

Reference: FN<nnnn>
Version: 1.3 Released
Date: 25 March 2004



40

An Architecture for E9-1-1 in VolP Networks

The following tables show the XML tags which are defined for the location description
parameter in the esposreq and which include tags for description of civic address

information.
Name Tag Max Tvpe | Description
Chars

CellID CEL=</CEL i) ANV Identification number indicating a
seographic region of wireless coverage.
L. the cell sie where the call 1s recerved.
Walid Values: 0-2047

Company ID 1 <CPF=</CPF= ! ANV | NENA registered Company Identification
code for Service Provider providing
wireline or wireless service to the
customer,

County ID <0000 ] ANV | County Identification Code

Customer Name | <N AN =</N AN 32 ANV | Subscniber Name

Emergency <EMS=</EME> 25 ANV | MName of Emergency Medical Service

Medieal Responder associated with the ESN of the

Service caller.

Responder

Emergency <ESN=</ESN= 5 ANV | Emergency Service MNumber associated

Services with the House Number and Street Name

MNumber and Community Name, Node: The Service
J'-"l"l':'l'.':fl.'n". I,l_I,I'.g.l'.','.;,l'.',l,'_:__‘ l'.'l.'l.' .'I'..'--J .'I |'l .\l.'.'l'n'.".'.'u"-".'
Fontine will assimn F5N 5

Fire <FIR=></FIR> 25 ANV | Mame of Fire Department Service Responder

e associated with the ESN of the caller.

Department

Service

Responder

House Mumber | <HNO=</HNO= 10 ANY | Honse Number
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Name Tag Max Tvpe [ Description
Chars
House Number | <HNS=</HNS= | ANY | House NMumber Extension (e.g. 1)
Suttfix
Law <LAW=</LAW= 25 ANV | Name of Law Enforcement Service
Entorcement Responder associated with the ESN of the
Service caller.
Responder
Location =L ==L Ll ANY | Additional location mformation (free

tormatted) describing the exact location of
the Calling Party Number, (e.g., “Apt TI87
or “eell sector A7) Emergency Response
Locattom (ERL) - A Location to which a
9-1-1 emergency response team may be
dispatched. The location should be speaific
cnough to provide a reasonable
opportunity for the emergency response
team to quickly locate a caller anywhere
within it Thes snformation may be

isplaved af the PSAI

MEAG “MON=</MON= 32 AV WValid service community name as
Community identified by the MSAG
Post <POD=</POD> 2 AV Directional Tranhng street dircction sufhis
Durecticugl Valid Entries: N S E W NE NW SE SW
Prefix “<PRD=</PRD> 2 AV Directional Leading street direction prefix.
Directional Valid Entries: N S E W NE NW SE SW
Sector [D <SEC></SE(C> 2 AN Sub set/section of a cell. Vahd Values: 1-
15
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Name Tag Max Type | Description
Chars
State “<8STA=</8TA 2 A Alpha ULS, state or Canadian provinee
abbreviation, e TX (Texas), ON
{Omtario)
Street Name ETN=</STN=> i) ANV | Valid service address of the Calling Party
MNumber
Street Name STE=</8TS b AV Valid street abbreviation, as defined by the
Suffix LIS Postal Service Publication 28, (e.g.
AVE)
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Appendix C Callback number

considerations

One of the current limitations of the emergency services network is the ability
to support callback number reporting to the PSAP where that callback number
exceeds the the number of digits used for a normal local dialable number.
Examples of callback numbers that may not be supported are:

* International callback numbers such as international roaming cellular call-
ersor, in future, international roaming VolP callers.

» Enterprise calersto emergency services where the terminal callback
number is not delivered in the call setup information.

The use of E2 as a dynamic query interface also facilitates the delivery of
callback information. Since this information is delivered out of band from the
call setup, it isn’t subject to the same constraints as imposed by the selective
router and CAMA trunk infrastructure.

As noted in the following diagram, the callback number is one of the
parameters in the esposreq message in ESP. This allows the originating voice
network which uses the E2 interface the ability to deliver an appropriate
callback number, if available, for the particular call in progress. The LGS then
can also be used to query the access network or be informed by the Call Server,
as appropriate, of a callback number to cache in anticipation of the PSAP

query.
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Element /Parameter Reference | Tvpe
Package Type = Response 9.1.1 M
Transaction 1D 012 M
Component Sequence 021 M
Component Type = Retum 0923 M
Fesult Last)
Component 1D 023 M
Parameter Set 027 M
Callback Number - PosibonResalt Q38 M
Option to use for the PosttonIntormation 239 8
full, dynamically o CallbackNumber 035 0
determined, callback. EmergencyService Routing Digits 037 (8]
CreneralizedTime 8311 (8]
Mobileldent ficanon™Number 0312 0
[nternational MoebileSubsenberldente | 93,13 0
b
MobileCallStatus 0314 0
Company[D 0315 0
Location Desceription 0316 8]

Figure C.1 The Emergency Services Position Request response (esposreq)
message parameters, highlighting the callback number.

It should be noted that this does require the E2 interface implementation to
support full international encodings of callback number to be delivered to the
ALl and for the ALI to subsequently be able to effectively deliver this
information to the PSAP. However, these enhancements, if necessary, are
considerably less onerous to deliver than upgrading the trunking elements to

al PSAPs.
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signaling scenarios discussed in this paper. It includes the scenario of a mid-

The following shows a consolidated end to end signaling flow for the various
call location update request from the PSAP.

Appendix D Signaling Flow

An Architecture for E9-1-1 in VolP Networks
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